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A  previous communication described the  effects of pre-injection of rabbit 
blood leucocytes in experiments involving the homologous transfer of rabbit 
lymph node ceils.  It was  reported  there  that  the usual  appearance  of anti- 
bodies in the sera of the recipient rabbits, after transfer of antigen-incubated 
lymph node cells, did not occur if leucocytes obtained from the donor animals 
were injected into the recipients at an appropriate interval prior to cell trans- 
fer. Several observations suggested that this effect of the pre-injection of leuco- 
cytes was  immunologic in  nature,  involving tissue  antigens  of rabbit  leuco- 
cytes: the time interval required between leucocyte pre-injection and lymph 
node cell transfer, the ineffectiveness of the pre-injection of leucocytes obtained 
from  several  other  mammalian  species,  and  the  effectiveness of  leucocytes 
pooled from other rabbits, and even of some other individual rabbits  , but not 
of leucocytes obtained from the recipient animal itself (1). 
Accordingly, further studies were undertaken which bear on an immunologic 
mechanism of the pre-injection effect? First, since in terms of an immunologic 
mechanism the pre-injection effect would be due to an antigenic stimulus by 
the pre-injected leucocytes, experiments were done to see whether x-irradiation 
prior to that  injection would inhibit  the effect. Second, transfer of the pre- 
injection effect was undertaken by the use of cells from lymph nodes draining 
sites  of injection of rabbit  leucocytes. Finally, experiments were carried out 
on the passive transfer of the pre-injection effect by rabbit-anti-rabbit-leuco- 
cyte serum. 
* This study was supported by Research Grant H-869 of the National Heart Institute, 
National Institutes of Health, United States Public Health Service. 
1  The term  "pre-injection effect" is employed in this report to denote the suppressive 
effect on transferred lymph node cells, as indicated by lower agglutinin titers, in recipients 
which have been given prior injections of leucocytes  from the donor (or other) rabbits. 
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Materials and Methods 
Lymph Node Cell Suspensions.--In  vitro incubation. Cells were obtained from the popliteal 
and axillary lymph nodes of adult rabbits by teasing with two dissecting needles.  The cells 
were washed in Tyrode's solution containing 12.5 per cent gelatin. Approximately 225  X  108 
cells were incubated with 1 ml. of a  10  -4 dilution of filtrate of trypsin-treated Shigella para- 
dysenteriae at 370C. for 30 minutes. The cells were then washed three times in Tyrode-gelatin 
solution  and  finally  suspended  in  Tyrode's  solution  containing  0.5  per  cent  of  bovine 
plasma  albumin  (Armour Co.  Chicago). For transfer of the preinjection effect, adult  rabbits 
were injected in  the hind  footpads  with leucocytes pooled from the blood  of other adult 
rabbits.  Four days later the leucocyte-injected rabbits were sacrificed,  the popliteal lymph 
nodes were removed, and the cells obtained from them were washed three times in Tyrode- 
gelatin  solution  and  suspended  in  Tyrode-bovine-plasma-albumin  solution  for  transfer  to 
recipient rabbits. 
Pre-Injection of Donor Leucocytes.--Blood from prospective donors was obtained by cardiac 
puncture and collected with heparin (3 rag. per 50 ml. of blood).  To this volume of blood was 
added an equal volume of a 3 per cent solution of gelatin in 0.75 per cent NaC1. ~ The tubes 
were maintained in the vertical position in an ice bath.  After 1 hour, the sedimentation of 
erythrocytes was such that the overlying columns of fluid could be collected by suction. The 
leucocytes were sedimented from the pooled supernates by centrifugation at 2000 R.P.m. for 
10 minutes, and were then washed with Tyrode's solution. Various amounts of the suspen- 
sions of leucocytes were injected intradermally in a number of sites on the backs of the pro- 
spective recipients. 
Product4on of Rabbit Anti-Leucocyte Sera.--Leucocytes collected from the pooled blood of 
various numbers of rabbits were injected intradermally in 6 to 8 sites on the backs of other 
adult rabbits. On the 8th,  lOth, and llth day after injection the rabbits were bled and serum 
obtained. Further details are given in connection with individual experiments, below. 
Test for A nti-Skigella A gglutinins.--Serial  twofold dilutions of rabbit serum were made in 
volumes of 0.4 ml. To these were added 0.2 ml. of a 0.06 per cent suspension  of alcohol-treated 
Shigdla  paradysenteriae. After shaking  and  1 hour of incubation at 37°C.,  the tubes were 
stored at 4°C. for 48 hours and then examined for evidence of agglutination, as described in 
detail previously (2). 
Irradiation of Recipient Rabbits.--Recipients  were exposed on the day before cell transfer to 
deep x-irradiation at a dose of 400 r with the following factors: 200 kv., 20 ma., 67.5 cm. dis- 
tance to the bottom of the container, yielding 18 r per minute in air. Filtration was by 1 ram. 
aluminum +  0.5 ram. copper. In some of the experiments the recipients were irradiated on 
the day before pre-injection with the same factors and at doses indicated in the description 
of the experiments below. 
EXPERIMENTAL 
1. Effect  of X-Irradiation  of Recipient Rabbits on the Pre-Injection Effect.- 
These  experiments  were  carried  out  in  order  to  determine  whether  x-irradia- 
tion of the recipient rabbits  24 hours prior to the injection of donor leucocytes 
would  prevent  the  active  induction  of  the  pre-injection  effect.  In  the  first 
series of experiments,  in which the recipients  were irradiated  at 400  r  and in- 
jected  with  107  donor  leucocytes,  little effect of the irradiation  was  detected. 
We are indebted to Kind and Knox Gelatine Co., Camden, New Jersey, and to Dr. D. 
Tourtellotte, for generous supplies of the gelatin solution. S.  HARRIS,  T.  N.  HARRIS,  AND  M.  B.  FARBER  413 
It was felt that  this dose of irradiation may not have been adequate for the 
amount of antigenic material in the number of leucocytes injected. 
Accordingly, in later experiments prospective recipients were irradiated at levels of 400, 
450, or 500 r, and 24 hours later were injected with 106 donor leucocytes. One week hter the 
redpients were again irradiated at 400 r, and 24 hours thereafter were given lymph node cells 
which had been incubated in dtro with Shigdla-trypsin  (ST) filtrate. They were subsequently 
bled at regular intervals and the sera were tested for agglutinins to Shigella. 
The following was observed: In the sera of non-we-injected control recipients 
agglutinins  appeared,  usually on the 4th day.  The titer reached a  maximum 
on  the  6th  to  8th  day,  and  then  declined  gradually,  as  observed in  earlier 
TABLE I 
Effect on Lymph Node Cell Recipients of X-Irradiation before Pre-lnjection oJ Donor Leucocytes: 
Geometric Means  and  Distribution  of Peak  Agglutinin  Titers  of the  Recipients  Following 
Transfer  of Lymph  Node  Cells  Incubated  in  Vitro  with  Shlgdla-Trypsin  Antigen 
Recipients 
Non-pre-injected controls 
Pre-injected, unirradiated 
"  irradiated at 400 r 
"  "  "450  " 
"  "  "500  " 
No. of 
recipients 
19 
19 
10 
13 
10 
Mean titer 
Percentage  frequency  of titers 
in the range of: 
128 or  higher  :  24--96  <12-16 
log, 
8.6  95  5  0 
3.9  0  58  42 
6.4  40  60  0 
6.7  46  54  0 
6.7  70  30  0 
studies (3). The geometric mean peak titer of this control group was 8.6 (log~). 
Among  the  recipients  pre-injected  with  donor  leucocytes,  those  which  were 
not irradiated before the pre-injection failed to develop agglutinins after lymph 
node cell-transfer, or did so in low or intermediate titer, as can be seen in Table 
I, the geometric mean of the group being 3.9 (log2). The groups of rabbits ir- 
radiated before preinjection developed higher agglutinin titers, with geometric 
means of 6.4 to 6.7 (log2), or approximately 6 times the mean titer of the group 
not irradiated before pre-injection. The peak agglutinin titer for each recipient 
was tabulated, and for each experimental group the titers were distributed as 
follows:  128  or higher,  indicating  little  or no  suppression  of the  transferred 
lymph node cells by the pre-injection of the leucocytes, 24  to 96,  indicating 
partial suppression, and <  12 to 16, indicating virtually complete suppression. 
The  percentage  frequency  occurrence  of  titers  within  the  given  ranges  are 
shown in Table I. The difference between the first 2 rows of Table I  shows the 
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in the second row with those below it reflects the effect of irradiation  of the 
recipients prior to pre-injection of the leucocytes. 
2. Lymph Node Cell Transfer  of the Pre-Injection  Effect.--A number of ex- 
periments were carried out to determine whether the pre-injection effect could 
be conferred on recipients by the transfer of cells from lymph nodes draining 
sites of injection of rabbit leucocytes. 
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FzG. 1. Plan of experiments on the transfer by lymph node ceils of the pre-injection effect. 
Donor rabbits were bled, and the leucocytes were injected into the footpads of other adult 
rabbits (anti-WBC lymph node ceil donors). After 4 days the latter rabbits were sacrificed,  and 
ceils obtained  from their popliteal lymph  nodes  were transferred  to  the  recipient rabbits 
(first  transfer). On the same day the original donors were sacrificed,  and cells obtained from 
the lymph nodes were incubated in vitro with ST filtrate and then transferred  to the same 
recipients (second  transfer). 
In this type of experiment two cell transfers were involved: the first transfer, of cells from 
lymph  nodes  draining  sites  of injection of rabbit  leucocytes,  and  the  second  transfer,  of 
lymph node cells incubated in vitro with Shigdla-trypsin  filtrate. On the basis of earlier experi- 
ments involving the transfer of lymph node cells from antigen-injected donors (2), it would 
have been desirable to allow an interval of 4 days between the first and second cell transfers, 
in order to permit a maximal degree of effectiveness of the cells of the first transfer (from the 
leucocyte-injected donors). However, the present situation was complicated by the fact that 
the lymph node  cells given in  the first transfer  themselves contained  tissue  antigens  and 
were capable of giving rise to the pre-injection effect by active immunization of the recipients 
in this 4 day interval, between the first and second transfer. Accordingly, a series of experi- 
ments was carried out in which the interval of time between the two cell transfers was reduced 
to 2 hours. At this interval it was found that a first transfer of control material (250 million S.  HARRIS~ T.  N.  HARRIS~ AND M.  B.  FARBER  415 
lymph node cells from rabbits not injected with rabbit leucocytes) did not cause a reduction 
in the anfi-Shigdla  agglutinin titer following the transfer of antigen-incubated lymph node 
cells. Accordingly, an interval of 2 hours between the two cell transfers was chosen for these 
experiments. 
The experiments on lymph node cell transfer of the pre-injection effect were 
planned as shown diagrammatically in Fig. 1. In these experiments leucocytes 
were obtained from the prospective donors. The leucocytes were injected into 
the  feet  of  some rabbits.  Mter  4  days  the  leucocyte-injected  animals  were 
sacrificed, the popliteal lymph nodes were removed and teased,  and the cells 
were  washed  and  transferred  to  irradiated  recipients  (250 X  l0  s  cells  per 
TABLE H 
Transfer of the Pre-Injection Effect by Cells  from Rabbit Lymph Nodes Draining Sites of Injection 
of Rabbit Leucocytes. Anti-Shigdla  Agglutinin  Titers of Recipients of 2 Lymph Node Cell 
Transfers: First, Cells  from Rabbits Injected udgh Rabbil Leucocytes; Second, Calls 
Incubated in Vitro ugth Shigella-Trypsin Filtrate 
Lymph node ceUs of first transfer 
None (controls) 
From donors injected with: 
10  v rabbit leucocytes 
5 X  l0  T  rabbit leucocytes 
Same, but cells heated before transfer 
(controls) 
Sheep erythrocytes (controls) 
No, Of 
recipients 
35 
21 
44 
14 
28 
Percentage frequency  of titers 
in the range of 
Mean titer 
128 or 
higher 
logs 
8.2  96 
5.5 
5.5 
8,8 
8.1 
29 
23 
93 
86 
<12-16 
0 
29 
36 
7  0 
14 
42 
41 
recipient). The donor rabbits from which the leucocytes had been obtained for 
footpad injection were sacrificed, their popliteal lymph nodes were excised and 
teased, and cells obtained from these were incubated with ST filtrate and then 
transferred to the same recipients 2 hours after the first transfer.  For control 
material  some  recipients  were  given  similar  suspensions  of  anti-leucocyte 
lymph node cells, which were, however, heated before transfer in order to in- 
activate them; other control recipients were given, for their first cell transfer, 
analogous  suspensions  of  lymph  node  cells,  but  from rabbits  injected  with 
sheep erythrocytes rather than with rabbit leucocytes. The sera of all of these 
recipients were subsequently tested for anti-Shigella agglutinins. The geometric 
means and the percentage frequency distribution of the peak agglutinin titers 
of individual recipients are shown in Table II. 
The geometric mean fiters of the groups of recipients of cells of lymph nodes 
draining  the sites of injection  of donor leucocytes were  2.6  to 3.3  powers of 416  TRANSFER OF LYMPH  NODE  CELLS. XII 
2 lower than the mean titers of the three groups of control rabbits: those which 
had not received a first cell transfer, those which had received cells from nodes 
draining the  site  of injection of  sheep  erythrocytes,  and those  given  heated 
anti-leucocyte lymph node cells.  The percentage distribution of  peak  agglu- 
tinin titers for these groups also reflected these differences. The distributions 
of titers of recipients in the three control groups were quite similar, with the 
great majority of titers in the highest range and none in the lowest, whereas 
the distribution of titers of recipients of the cells from leucocyte-injected  donors 
showed only 23  to 29 per cent in the highest range, and 41  to 42 per cent in 
the lowest. 
3..Effect of Serum of Rabbits Injected with Pooled Rabbit Leucocytes.--A  series 
of experiments was  done to  determine whether the we-injection effect could 
be passively transferred by the sera of rabbits injected with rabbit leucocytes. 
In the first group of such experiments the anti-leucocyte sera were prepared as follows: 5 
or 6 adult rabbits were bled, the leucocytes were collected, and 10 to 30 X 10 e leucocytes were 
injected intradermally into 4 to 8 other adult rabbits. The latter were bled, usually after 8 
and 10 days, and serum was prepared for immediate use or for storage in the frozen state. 
On the day of cell transfer the pooled serum was injected intravenously into the irradiated 
prospective recipients in amounts of 10 to 20 ml. The donors of the leucocytes were sacrificed 
and cells obtained from their popliteal lymph nodes were incubated in vitro with ST filtrate 
and transferred to the same recipients 2 to 3 hours after the serum injection. The sera of the 
recipients were tested subsequently for the presence of anti-Shigella agglutinins. 
It was found that some of the recipients (43 per cent) failed to develop ag- 
glutinins or did so to very low titer, and that the geometric mean of the en- 
tire group was  substantially lower than that  of  the  controls, as  can be seen 
in  Table  III.  In  almost  every  experiment  there  were,  however,  recipients 
which developed agglutinin titers as  high  as  those  of  the  controls and some 
with  titers in the  middle range. 
The occurrence of 43 per cent of t.iters in the lowest range indicated that the serum pro- 
duced by the injection of pooled donor leucocytes could passively transfer the pre-injection 
effect in many instances, but clearly failed to do so consistently. It was considered likely 
that this was because each suspension of leucocytes injected for the production of the serum 
pools had been obtained from too small a number of rabbits (5 to 6) to insure an adequate 
sampling of the tissue antigens randomly distributed among the heterogeneous population of 
rabbits. Accordingly, leucocytes were pooled from 60 to 70 rabbits for intradermal injection 
into 8 to 10 other rabbits. The latter were bled 8, 10, and 11 days after injection of the leuco- 
cytes, and the sera were pooled. Again 10 ml. quantities  of the serum were injected intra- 
venously into recipient rabbits 2 to 3 hours before transfer of antigen-incubated lymph node 
cells, the latter being obtained from rabbits other than those used for obtaining the leuco- 
cytes. It was found that the cell transfer recipients given such sera showed lower titers  of 
anti-Shigella agglutinins (third row of Table III) than those given the sera obtained by injec- 
tion of leucocytes from fewer rabbits: the geometric mean was lower, and no titers were ob- 
served in the highest range. 
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rabbits,  however, agglutinin liters in  the middle range  were not infrequently found  after 
cell transfer; in particular it was observed that of triplicate groups of recipients given 10 ml 
of a given serum before cell transfer one recipient might show an agglutinin titer substantially 
higher than  the other two.  The possibility was  considered  that  such  a  failure of an  anti- 
leucocyte serum to suppress the cell transfer effect in the case of a particular recipient might 
be due to a relative abundance in the tissues of that animal of antigens of which the homologous 
antibodies were largely responsible for the "suppression" of the lymph node cells transferred 
in that  experiment.  If such competition for homologous antibody between antigens in the 
tissues of the recipient host and  the same antigens in the transferred  lymph node cells was 
TABLE III 
Percentage Frequency Distribution of Recipients' Anti-Shigella  A gglutinin Tilers in Rdation to 
Mode of Preparation and of Administration  of Anti-Rabbit-Leucocyte Serum 
No. of rabbits  from 
which leucocytes were 
pooled for injection, in 
preparation  of anti- 
leucocyte  serum 
--(controls) 
5-6 
60-70 (4 such 
pools) 
60-70 (same 4 
pools) 
60-70 (all such 
pools) 
Mode of administration of anti-leucocyte 
serum 
No serum 
Injected into recipient before cell- 
transfer 
Incubated with lymph node cells 
before cell transfer 
No. of: 
recipi- 
ents 
87 
74 
34 
35 
48 
Percentage frequency 
af anti-Shigella  agglu- 
tinin titers 
128 or  24-96  <12--16 
higher 
93  7  0 
20  37  43 
0  59  41 
0  34  66 
0  31  69 
Geo  - 
metric 
mean 
titer 
log2 
8.8 
5.1 
4.5 
3.9 
3.8 
indeed the cause of the occasional instances of decreased effectiveness of the anti-leucocyte 
sera, then the effect of these sera on the transferred lymph node cells might be enhanced by 
an alteration of the experimental procedure such as would afford the lymph node cells, rather 
than the host tissues, prior contact with the antibodies in the serum. Accordingly, in subse- 
quent experiments l0 ml. of the anti-leucocyte serum to be tested were incubated with the 
lymph node cells to be transferred, in a roller tube apparatus for 30 minutes at 37°C., and the 
entire suspension was injected intravenously into the recipient rabbit thereafter. The first few 
experiments by this procedure were done with the same 4 anti-leucocyte serum pools referred 
to in the previous paragraph (third row Table III), and the data obtained in these experiments 
are shown in the fourth row of Table III. It can be seen that the frequency distribution differs 
from that of the third row, the percentage frequency of titers in the middle range being re- 
duced from 59 to 34. 
The procedures  described  above were therefore  adopted  for the  production 
and  testing  of  anti-leucocyte  sera:  for  the  production  of  the  sera,  leucocytes 
pooled from 60 to 70 rabbits were injected into 8  to  10 rabbits,  and for testing 
the  effect  of  such  sera  on  lymph  node  cell transfer,  the  sera  were  incubated 
with  the lymph node  cells for 30 minutes  at  37°C.  before transfer.  A  number 418  TRANSFER  Or  LYMPH  NODE  CELLS.  XlI 
of  other  anti-leucocyte serum pools were  prepared  and tested  by these  pro- 
cedures and the resulting data, shown in the last row of Table III, were similar 
to the data obtained with the first four pools prepared and tested in this man- 
ner, no titers being found in the upper range and a  third of the titers in the 
middle range. 
Titration of Anti-Leucocyte Sera in the Lymph Node Cell Transfer System. u 
In order to  assess  the  relative degree  of  effectiveness of  several rabbit-anti- 
rabbit-leucocyte serum pools,  prepared  and tested  as  described above,  each 
was used at several amounts per recipient animal. 
TABLE IV 
Geometric Mean Peak Agglutinin  Titers (Logs) of Recipients which Had Been Given  A nti-Rabbit- 
Leucocyte Serum  (Various Serum  Pools in Different Amounts),  or Normal 
Rabbit Serum Pools at 10 Ml. 
Geometric  mean titers of recipients given serum pool number: 
Serum volume 
17 A* 
10 
5 
2.5 
1.0 
0.5 
0.1 
0 
Normal rabbit 
serum pool 
ml 
10 
0 
11 
log* 
4.2 
5.3 
6.8 
7.2 
7.5 
8.0 
8.s~ 
7.8 
12 
log, 
2.9 
2.5 
3.0 
5.7 
5.9 
8.2 
8.0 
8.0 
12 B* 
log2 
3.3 
3.5 
3.0 
4.2 
5.0 
6.8 
8.2 
7.0 
7.3 
13 
logt 
3.5 
6.8 
6.8 
8.3 
8.0 
8.0 
16 
zog, 
3.6 
4.8 
6.3 
7.8 
8.3 
7.3 
16 A* 
logt 
2.5 
4.0 
4.5 
7.8 
17 
logt 
3.3 
3.5 
8.2 
8.3 
logt 
2.5 
2.5 
3.2 
4.4 
7.6 
* These groups of rabbits had received a  second injection of pooled rabbit leucocytes, 
5 weeks after the first. 
Serum from a single normal rabbit. 
In such experiments 250 X  106 rabbit lymph node cells which had been incubated with 
Shigdlc~trypsin  filtrate were suspended in a designated volume of anti-rabbit  leucocyte serum 
for incubation at 37°C. for 30 minutes. This suspension was then injected intravenously into 
an irradiated  recipient rabbit.  Table IV shows the data obtained with a number of serum 
pools, as the geometric mean peak titer of anti-Shigdla  agglutinins for each volume of the 
sera examined. 
It can be seen in Table IV that the minimum amounts of serum which gave 
marked suppression of agglutinin titers varied substantially, from  10 ml., in 
the case of the less effective serum pools, to  1.0 ml. for the most effective. It 
can also be seen in Table IV that the use of 10 ml. amounts of a normal rabbit S. HARRIS, T. N, HARRIS, AND  M. B. FARBER  419 
serum or of several  pools of rabbit  sera had no effect on the subsequent  ag- 
glutinin titers of the recipients. 
Absorption of Anti-Leucocyte Sera with Rabbit Lymph Node Cells.--For further 
evidence as to the immunologic character of the effect on the transferred lymph 
node cells of the anti-leucocyte sera, portions of these sera were absorbed with 
rabbit lymph node cells, as follows: 
Mesenteric lymph nodes of normal rabbits were excised and teased. The cells thus obtained 
were washed twice, packed, and added to portions  of anti-rabbit-leucocyte  serum. The first addi- 
tion was usually of 0.15 ml. of packed lymph node cells (estimated at 5  X  10' cells) per ml. of 
serum. The resulting suspension was incubated in roller tubes for 1 hour at 37°C., then over- 
TABLE V 
Geometric Mean Peak Agglutinin Titers of Recipients Given Anti-Leucocyte Serum Which Had 
Been Absorbed with Rabbfl Mesenteric Lymph Node Cells 
Serum pool  Geometric  mean  titer of recipients  given: 
No.  Amount injected  No serum  Native serum  Absorbed serum 
4 
10 
12B 
ml. 
10 
10 
10 
10 
2.5 
~og2 
7.8 
7.0 
8.3 
9.3 
7.3 
log2 
5.3 
3.7 
4.8 
3.3 
3.8 
log2 
7.5 
7.5 
6.5 
7.5 
8.0 
night at 4°C. The suspension was centrifuged, and to the supernatant was added fresh packed 
lymph node cells at half the original volume per milliliter of serum. The suspension was in- 
cubated as before, and the cells were removed by centrifugation. Such sera were used in lymph 
node cell transfer experiments as described  above. In each case the native, unabsorbed serum 
was used in a parailel group of recipients, in the same volume.  The results of such experi- 
ments are shown in Table V. 
It can be seen that in the case of each serum tested the use of anti-leucocyte 
serum resulted in the appearance of considerably lower agglutinin fiters than 
those found in control recipients. However,  in each  case if the anti-leucocyte 
serum had been absorbed  the subsequent geometric mean agglutinin titer was 
substantially  higher  than  that  following  the  use  of  native  anti-leucocyte 
serum, often being as high as that of the control recipients. 
The Use of Globulin Prepared from Anti-Rabbit Leucocyte  Serum.--Globulins 
were precipitated from several pools of anti-leucocyte sera by two procedures. 
In one of these,  a chilled, neutralized, saturated solution of ammonium sulfate was added 
in equal volume to the serum. In the other procedure, a solution of K2I-1-PO4  and KH2PO,,  4.0 
with respect to phosphate and at a  pH of 7.4, was added to 2 volumes of the serum, to 
yield a 1.3 ~ solution. In each case the salted serum was refrigerated overnight. The sediment 
was  then collected  by centrifugation, dissolved  in a  small amount of distilled water  and 420  TRANSFER  OF  LYMPH NODE  CELLS.  Xll 
dialyzed overnight against running distilled water in the cold. To the contents of the dialysis 
bags was added  1/19 volume of a  buffered 17 per cent solution of NaC1.  This solution was 
then made up to a volume equal to that of the serum from which it had been prepared. Such 
solutions of globulin were used in cell transfer experiments, as in the experiments described 
above, usually at the volume which had been found to represent the endpoint for complete 
suppression of cell transfer by the original serum pool. 
The results of such experiments  are shown in Table VI, in which it can be 
seen that the use of either preparation of globulin resulted in the appearance 
of low anti-Shigella  agglutinin titers in recipients  of transferred lymph node 
cells. 
TABLE VI 
Maximal Agglutinin  Titers of Lymph Node Cell Recipients Given Globulin Preparations from 
Rabbit Anti-Leucocyte Sera 
Serum pool 
Early 
C 
llA 
12A 
6OO 
736 
710 
731 
736 
756 
Preparation of globulin 
50 per  cent  saturation  with  ammo- 
nium  sulfate 
<12,  <12, 
<12,  <12, 
12,  16 
16 
24,  24 
I  <12,  <12, 
<12,  <12 
1,3 
phosphate 
16 
<12,  12  <12, 
<12, 
16, 
<12,  12  <12, 
24, 
24 
24 
32 
48 
32 
Controls  (no  ~lobulin 
injectlon~ 
512,  1024 
128,  384 
384,  1536 
256,  1024 
384,  384,  768 
128,  384 
384,  768 
Effect on Lymph Node Cell Transfer of Sera Obtained from Rabbits before and 
after Injection  of Leucocytes of an Individual  Donor of Lymph Node  Cells.- 
The effect on lymph node cell transfer of sera produced in individual rabbits 
by the injection of leucocytes  obtained from a  prospective  donor of lymph 
node cells was studied as follows, 
Prospective  donors  were  bled  individually,  and  the  leucocytes  of  each  were  collected, 
washed, and injected into another rabbit. The latter was bled prior to the injection and 8 and 
10 days later. On the day of cell transfer the donor rabbit was sacrificed and the cells obtained 
from the popliteal lymph nodes were incubated in vitro with ST filtrate. One portion of the 
washed cell suspension  was incubated with 10 ml. of the serum obtained before the injection 
of the leucocytes, and another portion with 10 ml. of the serum obtained after the leucocyte 
injection. Each mixture was transferred to an individual irradiated recipient. When sufficient 
lymph node cells were available, two or three recipients were injected with the suspension of 
antigen-incubated lymph node cells in post-injection serum. A total of 20 pairs of sera were 
tested,  with 20 recipients of pre-injection serum  and  27  recipients of post-injection  (anti- 
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The peak agglutinin titers of these recipients are shown in Table VII. One 
area of interest is in the titers of recipients of lymph node cells incubated with 
pre-injection serum. Here it can be seen that only one-half showed agglutinin 
TABLE VII 
Peak A gglutinin Titers of  Recipients of Lymph Node Calls  from Individual  Donors  , the Recipients 
Having Been Injected with 10 M1. of Serum from Individual  Rabbits Injected with Leucocytes 
from the Donors of the Lymph Node Calls 
Donor of leucocytes  and lymph 
node cells 
Rabbit No. 
7-27 
7-29 
I No. of leuco- 
cytes injected, 
millions 
89 
115 
Titers of recipients  iniected  with  serum of leucocyte-rejected  Differences  in titers between  recipients 
rabbit, obtained  given pre- and post-injection  sera 
Mter injection  Changes  up to  Changes  greater  Before injection  2  powers of 2  than 2 powers of 2 
] of leucocytes  of leucocytes 
Increase Decrease Increase Decrease 
96 
<12 
<12 
<12 
7-30 
7-32 
7-33 
7-35 
7-40 
7-41 
7-42 
8-87 
8-88 
8-89 
8-91 
8-92 
8-93 
8-94 
8-95 
8-96 
8-97 
8-98 
60 
54 
49 
70 
73 
69 
138 
36 
93 
103 
40 
51 
57 
56 
89 
66 
63 
86 
12  32 
64  12 
32  48 
256  <12 
512  1024 
64  192 
512  16 
192  768 
24 
96  128 
128  64 
512  48 
96  256 
192  96 
192  48 
48 
192 
96  96 
48 
16  24 
<12 
12 
12 
<12 
<12 
1536 
384 
1.5 
0.5 
1 
1.5 
2 
0.5 
1.5 
1 
0.5 
0.5 
0.5 
>3 
2.5 
>4.5 
3.5 
8 
>8 
>5 
titers in the highest range (128 or higher), 7 of the remaining 10 having some- 
what lower titers and three having very low titers (<  12 to 16). 
The comparison between the  anti-Shigella  titers  of  recipients given serum 
obtained before and after the injection of the leucocytes is summarized in the 422  TRANSFER  OF LYMPH  NODE  CELLS. XII 
columns at  the right-hand end of Table VII.  It can be seen that relatively 
small differences, up to 2 powers of 2, occurred in the upward or downward 
direction with approximately the same frequency. Greater differences of titer 
were found in the direction only of lower titers of recipients given post-injec- 
tion serum  in  comparison with  those given serum  obtained from the  same 
rabbit  before injection of leucocytes.  Such  differences, ranging between  2.5 
and 8 powers of 2, were found in 9 recipients. These involved 8 serum donors; 
i.e., half of the 16 leucocyte-injected rabbits of which the preliminary serum 
led to titers high enough for the demonstration of differences of such magnitude. 
DISCUSSION 
1. The Effect of Irradiation before the Pre-Injection of Donor Leucocytes.--The 
effect of x-irradiation in depressing antibody formation has been known for 
many years; this subject has been reviewed by the Taliaferros (4). Irradiation 
has also been found to increase the time of survival of transplanted tumor (5), 
or normal tissue (6--8), presumably because of decreased immunologic response 
of the host to antigenic material in the graft. In the present system the effect 
of the pre-injection of leucocytes into prospective recipients  of lymph node 
cells was to suppress the effect of the subsequent cell transfer. If this was an 
immunologic effect, irradiation before the pre-injection could be expected to 
counteract this suppression, by decreasing the response of the tissues to the 
putative antigens in the leucocytes, thus diminishing the pre-injection effect 
and causing higher agglutinin titers in the recipients. 
It was not possible to demonstrate full reversal of a  complete pre-injection 
effect, since the highest dose of irradiation feasible was not sufficient to sup- 
press the immunologic response to the amount of antigen present in 10  7 leuco- 
cytes. Since the effect of a  given dose of irradiation on antibody formation is 
a  function of the amount of antigen injected, experiments were carried out 
with a partial degree of the pre-injection effect, that given by 10  6 leucocytes. 
With this number of leucocytes it was possible to demonstrate some degree of 
inhibition of the pre-injection effect by irradiation. 
2. The Transfer of the Pre-Injection E~ect by Lymph Node Cells.--In recent 
years there  has  been much evidence of the immunologic activity of lymph 
nodes regional to sites of injection of antigenic materials. Antibodies have been 
extracted from such lymph nodes, and cells  obtained from such nodes have 
been found to have the property of transferring to fresh animals several im- 
munologic reactions: dermal hypersensitivity of the delayed type, formation 
of circulating antibody, and  transplantation immunity. Observations in  the 
last area have involved both tumor tissue and normal skin. 
Mitchison (9--11) obtained cells from lymph nodes regional to implanted  tumors of 
mice, and injected these intraperitoneally  into other mice of the same strain. Within 
a few hours of receiving the lymph node cells the mice were challenged with a test S.  HARRIS,  2".  N.  tlARRIS,  AND  M.  B.  ~'ARBER  423 
graft. The test grafts in mice receiving  the transferred cells showed lower viability 
than  did  the  test grafts in  untreated  control mice,  thereby indicating  transfer of 
immunity. In the area of skin homografting,  Billingham et al. (12) gave mice of one 
strain skin homografts or injections  of leucocytes from mice of a second strain, and 
then transferred fragments or cells of the regional lymph nodes to other mice of the 
second strain by the intraperitoneal route. The mice which received the lymph node 
tissue fragments or cells showed heightened resistance to further skin homografts from 
the strain used for immunization.  The transfer was not effective when contralateral 
lymph nodes were used,  or when tissue fragments were injected subcutaneously,  or 
when  tissue fragments had been frozen and then thawed or dried.  The transfer by 
lymph node cells of accelerated rejection of skin homografts in rabbits has also been 
demonstrated by Voisin and Maurer (13). 
In the experiments of the present study on lymph node cell transfer of the 
pre-injection effect the situation was complicated by the fact that the lymph 
node cells which were being used to transfer an immunologic reaction to the 
rabbit  leucocytes  could  themselves  actively  "immunize"  the  recipients  to 
rabbit leucocyte antigens  (since the donor and recipient animals were not of 
a given pure bred strain, nor had the recipients been rendered immunologically 
tolerant of tissues of the donors). Thus, it was necessary to poise the experi- 
mental  conditions with respect to the interval between the  transfer of anti- 
leucocyte lymph node cells and that  of Shigella-incubated  lymph node cells. 
An interval was required which was  too short for induction of the pre-injec- 
tion effect by active "immunization," as indicated by the data obtained in the 
control  recipients  given  anti-sheep  erythrocyte lymph  node  cells,  although 
this interval was known  to be too short for a  maximal degree of the lymph 
node cell transfer effect. Under these circumstances, it was possible to demon- 
strate transfer of the pre-injection effect. This was also shown by the comparison 
of titers in  recipients of fresh and heated portions of lymph node cells from 
leucocyte-injected rabbits. 
3. Transfer of the Pre-Injection Effect by Serum.--The transfer of lymph node 
cells among rabbits can be considered as a particular case of tissue homotrans- 
plantation,  and a  number of similarities have been pointed out  (1)  between 
observations which have been made in studies on the transfer of lymph node 
cells and those on homografting of skin. In the field of tissue homotransplanta- 
tion it has  become accepted, in recent years,  that  an immunologic factor is 
involved in phenomena such as the accelerated rejection of second skin grafts, 
or failure of growth of second tumor transplants  (transplantation immunity). 
However, within  the immunologic area,  the mechanism of these phenomena 
is not clear. The transfer of these reactions by appropriate lymph node cells 
has been well demonstrated; on the other hand, studies of the participation of 
a  serum antibody in transplantation immunity, which have been carried out 
with a number of experimental approaches, have led to a range of conclusions 
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In the study by Billingham e~ al. (12) in which lymph node cells from skin-grafted 
mice were found to confer on other mice of the same strain an accelerated rejection of 
primary skin grafts, it was found that the repeated injection of serum, whole blood, 
or blood leucocyte concentrates from the grafted animal into a secondary host did not 
produce perceptible  shortening of the survival time of test  grafts in the latter,  al- 
though in one such experiment each mouse received the serum in an amount equal to 
about twice its total blood volume, divided into 6 daily injections. The only differ- 
ences found lay in the direction of prolonged survival of grafts in the serum-injected 
mice. Similarly, Mitchison  (9-11) found that the transfer of serum from immunized 
donors did not bring about inhibition of tumor growth in the secondary hosts of his 
experiments;  in fact,  there was evidence that the test  grafts grew more rapidly in 
those mice than in the control recipients. 
The role played by cellular or humoral factors in the breakdown of tissue trans- 
plants was studied by Algire eta/. (14-16) by the use of diffusion chambers made with 
filters  of various porosities.  Normal or neoplastic  tissue  transplants  were found to 
survive within  such chambers implanted  intraperitoneally  in immunized animals ff 
the membrane filter was impermeable to cells, but were destroyed in such hosts if the 
chamber was permeable to cells. These grafts were also destroyed if splenic cells from 
an immunized animal were incubated with the transplanted  cells in non-immunized 
animals, in chambers bearing a  cell-impermeable membrane, but were unaffected in 
this situation  if  the splenic cells  had been obtained from a  normal animal.  It was 
concluded that host cells of immunized animals, rather than humoral antibodies, are 
essential for destruction of such homografts. 
A  number  of observers  have  reported  the  findings  of isoantibodies  in  serum  of 
animals which had received transplants  of tumor tissue  (17,  18)  or skin  (19).  Such 
antibodies have been demonstrated by in dtro agglutination of erythrocytes or leuco- 
cytes. Other workers have examined sera containing isoantibodies for possible effects 
on cells to be transplanted. In the area of skin homografting, Billingham and Sparrow 
reported  (20, 21)  that when dissociated viable epidermal cells were incubated for 24 
hours at  37  or 5°C.  with serum from a  specifically  "immunized"  animal and  then 
seeded over a  vascular bed prepared on the original donor, the vitality of the ceils 
which had been exposed to the immune sera was inferior to their controls; in some 
experiments the treated ceils failed to produce epithelium altogether. In the field  of 
tumor transplantation,  analogous experiments have been performed by a  number of 
workers. Here again,  cells which had  been incubated  in vitro  with  serum obtained 
from animals bearing such tumors failed to grow when implanted, or did so to a sub- 
stantially smaller degree (22-26). 
Finally, among the studies of the direct effect of injection of appropriate antisera 
on the acceptance of tissue homografts some observers have obtained data indicating 
that some degree of rejection of such grafts can be caused by antlsera to homologous 
tissues.  Voisin (13) studied the survival of skin homografts in rabbits and guinea pigs 
given serum or cells  (from lymph nodes or peritoneal  exudates)  of homologous ani- 
mals which had previously received skin homografts. Approximately ~  of the recipi- 
ents of the cells showed an accelerated rejection of the graft; among the recipients of 
the  serum  similar  results  were  obtained in somewhat less  than  ~  of the animals. 
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mice, following the injection of anti-spleen cell serum. (The sera had been obtained 
by injecting splenic cells suspended in Freund's (28) adjuvants into an animal of the 
same species.)  Many of the skin grafts remained unvascularized,  and some showed 
accelerated rejection.  Analogous results with tumor cells were obtained by Amos and 
Day (29) working with leukemia and lymphoma of mice. In this study antisera were 
prepared by injecting tumor tissue into mice of a  resistant strain.  Such  serum was 
injected into susceptible mice, and when the latter were subsequently injected with 
the tumor cells, the appearance of tumors was considerably delayed in comparison 
with the control animals. 
The  data  of  the  present  study  indicate  that  the  effect  which  is  actively 
induced  by the  pre-injection  of donor leucocytes, i.e.  the  suppression  of ap- 
pearance of antibodies in recipients given lymph node cells incubated in  vitro 
with  Shigella-trypsin  filtrate,  can  be  passively  transferred  by  homologous 
antisera versus  rabbit leucocytes. It is assumed that the antigens involved in 
the production of such antisera are tissue antigens within  the rabbit species, 
genetically inherited  and existing in various combinations in individual  rab- 
bits. The random distribution of these antigens within the genetically heterog- 
enous population of rabbits gave rise to several problems in the course of this 
work. 
In order that a serum pool would have the general property of suppressing  homo" 
transferred lymph node cells of rabbits it would  have to contain antibodies to each 
of the antigens which  can be found in such cells. The necessary conditions  for this 
would be an adequate representation of all such antigens among the rabbits used as 
the sources of leucocytes pooled for injection,  and the non-occurrence  of each antigen 
in the tissues of at least one of the rabbits chosen for production of the anti-leucocyte 
antiserum. The data of the previous study (1), on the pre-injection of leucocytes into 
the prospective recipients themselves, suggested that there is a considerable  number 
of these randomly distributed tissue antigens in rabbits, each rabbit probably having 
several of these.  The effects of these conditions  on the production and effectiveness 
of an antiserum for suppression  of lymph node cell transfer were reflected  in these 
ways: First, it was necessary to pool leucocytes from large numbers of rabbits in order 
to  obtain  antisera  which  would  give  suppression  fairly  consistently.  Second,  the 
anti-leucocyte sera were more effective if these were incubated with the lymph node 
cells prior to injection into the recipient rabbit. (This was interpreted as involving the 
random occurrence  of competition for a given antibody between the tissue antigens 
of a recipient rabbit and antigens of the transferred cells.) Third,  there was a  con- 
siderable  range of degree of effectiveness among anti-leucocyte serum pools produced 
and tested as described  above. 
That the material in the serum pools which is active in suppressing the effect 
of lymph node cell transfer is an antibody is suggested by the mode of produc- 
tion  of  the  effective serum pools  and  by a  number of  the  factors discussed 
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here:  First,  the  active  material  shows  properties  consistent  with  those  of 
classical antibodies, resistance to heating to 56°C. for 30 minutes and precipi- 
tation  with  globulins  by ammonium  sulfate  or  by phosphate  (30).  Second, 
the specificity of the effect is indicated by the failure of suppression by the 
pooled normal sera tested, and, especially, by the loss of the suppressive prop- 
erty in portions of such sera which have been absorbed with pooled normal 
rabbit lymph node cells. 
The results of the experiments  involving antisera to leucocytes of individual  rab- 
bits may be commented upon from two points of view. The purpose of these experi- 
ments was to work with the tissue antigens of a single rabbit, in order to see whether 
it was possible to demonstrate a suppressive effect of antiserum versus the leucocytes 
of that rabbit on its own lymph node cells. Suppression of transferred lymph node 
cells under these circumstances  was indeed demonstrated, as is indicated by the data 
in the last column  in Table VII.  (That the suppression  was observed sporadically 
and to various degrees is again a  consequence of the random distribution of tissue 
antigens  among  the  rabbits.)  Another,  unexpected,  observation was  the  sporadic 
occurrence  of low or medium  range agglutinin  titers in lymph node cell recipients 
given serum  obtained from rabbits before the injection of leucocytes.  Such  effects 
had not been observed in similar experiments involving the injection of pooled normal 
rabbit serum  and  the transfer of lymph node cells pooled  from several  rabbits.  A 
possible interpretation of the suppression of lymph node cells of an individual  rabbit 
by normal serum of another rabbit would be that antibodies  may normally be present 
in the serum of a rabbit to rabbit tissue antigens, presumably to antigens not present 
in its own tissues (as in the ABO system of human erythrocyte antigens). 
The effectiveness of a serum antibody in the suppression of transferred lymph 
node cells,  as is indicated by the data presented above, raises a point of inter- 
est from the standpoint of lymph node cell transfer as a special case of tissue 
homotransplantation.  The  participation  of  an  antibody  in  suppression  of 
transferred cells was demonstrated here, whereas a humoral antibody mecha- 
nism of transplantation immunity could not be demonstrated in a  number of 
studies of skin and tumor tissue. If hitherto undetected antibodies do partici- 
pate in the phenomena of transplantation immunity in general, the following 
factors might have favored their demonstration in this special case of tissue 
transplantation;  i.e.,  the transfer of lymph node cells.  First,  it may be that 
leucocytes and related cells are more susceptible  to injury by anti-cell anti- 
body than those of other tissues.  (Tumor neutralization, as demonstrated in 
the  experiments involving incubation of tumor cells with  antiserum  in  vitro 
prior  to  transplantation,  has  been  demonstrated much  more  readily in  the 
case  of leukemias  and  lymphomas than  of some  other tissues  (23,  24,  31).) 
Another, technical, factor which might have favored the effect of a serum anti- 
body on the lymph node cells in this study is that these cells were transferred 
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accessibility to antibody in intravenously injected serum, than would the cells 
of a  skin homograft, or tumor cells subcutaneously injected or in a  solid im- 
plant. 
SUMMARY 
In earlier studies it was shown that if rabbit lymph node cells were incu- 
bated with Shigdla-trypsin  filtrate and transferred to other, recipient, rabbits, 
agglutinins to Shigella appeared  subsequently in  the  sera  of the recipients. 
However, if leucocytes from the donor rabbits  were injected into the recipi- 
ents  at a  suitable interval prior  to lymph node cell  transfer, agglutinins to 
Shigella did not appear after cell transfer. In the present study, a  number of 
experiments were done which bear on the immunologic character of this sup- 
pressive effect on the transferred cells, the "pre-injection effect." 
X-irradiation of the recipients before the injection of donor leucocytes led 
to a decrease in the extent of the pre-injection effect, i.e. to the appearance of 
higher agglutinin titers, in the recipient animals. 
It was found possible to transfer the pre-injection effect by cells of rabbit 
lymph nodes draining sites of injection of rabbit  leucocytes. No such effect 
was obtained with heated aliquots  of these  cell  suspensions or with lymph 
node cells from sheep-erythrocyte-injected donors. 
It was also possible to transfer the pre-injection effect passively by serum. 
Suppression  of  transferred  lymph  node  cells  was  observed  regularly  after 
injection of serum pooled from groups of rabbits which had been injected with 
leucocytes pooled from the blood of 60 to 70 rabbits. The active material in 
anti-leucocyte serum could be precipitated in the globulin fraction of the serum 
and could be removed by absorption with rabbit lymph node cells. 
In  the  course  of experiments on the passive  transfer of the pre-injection 
effect by antisera of individual rabbits to leucocytes of individual donor rab- 
bits, evidence was obtained of the existence in the sera of some normal rabbits 
of antibodies to some of the rabbit leucocyte antigens. 
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